The literature upon spore formation by bacteria has been reviewed on numerous occasions and most recently by Knaysi (1948). By way of introduction it may be said that despite the voluminous literature the group of organisms known as obligate thermophiles has been almost completely neglected. The "flat sour" obligate thermophiles, in the sense of the definition of Cameron and Esty (1926) , represent a group of particular importance to the canning industry because of the extremely high thermal resistance of the spores that they produce. The data to be reported here are concerned with the effect of various factors upon spore formation by certain members of this group in a study conducted with the hope of obtaining some insight into the factors controlling spore formation and as a preliminary to further research upon factors that may influence the thermal resistance of the spores of these organisms as they are encountered in nature.
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Methods. The percentage of spores formed was determined in films prepared from agar slants and stained with malachite green and basic fuchsin. The heatfixed film was covered with 1 per cent aqueous malachite green, and the slide was passed through the flame of a bunsen burner until the staining solution definitely boiled several times. The preparation was then decolorized in running tap water for 10 to 15 seconds and counterstained for 1 to 2 minutes with 0.05 per cent basic fuchsin. Good differentiation of spores and vegetative cells was obtained by this procedure.
The eyepiece qf the microscope contained a standard Howard mold-counting disk that served to divide the visible microscopic field into 20 squares. The number of spores present in the total field of 20 squares was counted. The (Snedecor, 1946) , one may decide whether there is a significant difference in the mean percentage spore formation of a culture under any two sets of conditions. Table 1 shows the results of replicate determinations of the percentage of spore formation on nutrient agar. All values to the left of the heavy lines were obtained in experiments conducted between November, 1948, and May, 1949 , whereas the results on the right of the heavy lines were obtained from experiments conducted between August and November, 1949 . This method of presentation serves to indicate the order of agreement of the results obtained over a period of time. The last column shows the mean and standard error for spore formation on nutrient agar for each culture. The significance of differences between the mean percentages of spore formation was evaluated by use of the t test (Snedecor, 1946, Chapter 4) . Differences between means are considered significant if t as calculated exceeds 2.5. This establishes the minimum degree of probability of significance at the 95 per cent level. In most cases in which a significant difference between means is obtained, the probability level is much higher than 1518 6.0 3.3 2.0 1.5 3.8 2.1 7.4 6.9 6.6 4.9 it: 0.7 1518-S 4.4 6.4 2.9 7.6 7.0 6.3 4.5 8.4 5.8 -5.9 0.6 1518-N 14.6 12.1 8.2 8.8 9.5 9.3 9.4 9.5 --10. 605 , and 304 show significant increases in spore formation on 0.2 per cent and 0.5 per cent peptone as compared to nutrient agar. Culture 1518-N shows no significant change and cultures P-1 and P-2 show a significant decrease in spore formation. Although cultures P-1 and P-2 show a difference between 0.2 and 0.5 per cent peptone, no significant difference is found with cultures 1518, 1518-S, 605, and 304. This indicates that the last-mentioned cultures respond to the removal of meat extract from the nutrient agar formula by an increase in spore formation but do not show further response when peptone concentration is decreased in this concentration range. With the exception of culture 1518-N, which showed a significant decrease, the percentage of spores formed on nutrient agar and 2 per cent peptone agar were the same. 10.2 i 0.7 9..6 14 1.6 3.7 :1: 0.4 12.9 :41 3.3 11.7 a 1.8 P-i 17.8 4 1.9 13.9 it 2.2 14L6 -4 2.8 13.3 -4 2.5 20.5 4: 3.6 P-2 15.9 -0.8 12.6 :1 1.6 13.5 4 4.6 11.4 i 2.9 11.4 4 1.9 + -increase;-= decrease; 0 = no effect.
ing behavior with respect to the effects of environmental or nutrient conditions on spore formation.
DISCUSSION
There are considerable data in the literature indicating that a decrease in the concentration of nutrients results in an increase in spore formation (Williams, 1930 (Williams, -1931 Cook, 1931; Brunstetter and Magoon, 1932; Tarr, 1932;  Knaysi, 1945 Knaysi, , 1946 Knaysi, , 1948 . For the most part the work reported has been conducted with the aerobic mesophilic sporeforming species common in most laboratories, such as Bacilus anthracis, BaciUlls cereus, BaciUus megatherium, Bacillus mycoides, Bacilus ubtilits, etc. In some cases only a single strain or culture was used, but in others a number of cultures have been tested. The weight of the evidence is respectable and has led to the generalization that "starvation" is the primary cause or stimulus to spore formation (Knaysi, 1948) .
However, conflicting evidence is also available. Brunstetter (1948) found that increasing a brain-heart infusion broth above the normal concentration decreased the percentage of spores formed by Clostridium botulinum but that almost all of the effect of increasing the concentration of the medium was due to the increased concentration of sodium chloride. Diluting the medium twofold and fourfold below the normal concentration did not appear to increase spore formation appreciably. The addition of potassium to an asporogenic medium resulted in greatly increased spore formation by Bacillus cereus (Foster and Heiligman, 1949a) , and the addition of glucose to a glutamate salts medium resulted in greatly increased spore formation by the same organism (Foster a?nd Heiligman, 1949b) . The existence of asporogenic cultures that do not produce spores under any of the nutrient conditions tested (Tarr, 1932; Knaysi, 1948 ) also poses a problem, since it would then appear that "starvation" must be defined in relation to the particular cultures used. Also of interest is the fact that although the percentage of spores formed may be increased or decreased by varying the medium from some condition taken as a standard, the change is still an alteration in the behavior of only some of the cells present. An interesting subject for speculation is why a given set of environmental conditions promote sporulation in a certain percentage of cells but apparently do not affect the remainder. Brunstetter and Magoon (1932) suggested the possibility of a relation between dissociation phases of a culture and sporulation. Knaysi (1933) described dissociated varieties of Bacillus megatherium that were asporogenic and seemed to show no tendency to recover the ability to form spores. However, after prolonged storage at refrigerator temperature spore formation in these variants was regained although the original variant colony morphology was still observed (Knaysi, 1935) . Hayward, Marchetta, and Hutton (1946) found a culture of Bacillus globigii, giving very irreproducible results, which dissociated into several recognizable morphological types, one of which gave rapid and almost complete sporulation whereas the others were slower in the rate of spore formation.
It appears very possible that cultures pure according to the usual morphological and biochemical standards may not be "pure cultures" from the standpoint of spore formation and that, even without the presence of recognizable morphological dissociation forms, the net effect of a given environmental condition may be the result of a selection from the original inoculum.
The data presented in this report do not permit of any generalization relating nutrient conditions to spore formation. Some cultures would support the conclusion that spore formation increases with decrease of nutrients. Two other cultures confirm the behavior of Bacillus fusiformis as found by Brunstetter and Magoon (1932) . One culture appears to be unaffected for the most part by the concentration of nutrients used in these experiments.
The effect of salts added to the medium cannot be generalized also because of the varying behavior of the individual cultures studied. Four cultures show inhibition of spore formation by NaCl similar to the behavior of Clostridium botulinum noted by Wynne (1948) . The remaining cultures are not affected by the concentrations of NaCl or CaCl2 tested. Although Fabian and Bryan (1933) found the monovalent cations to be stimulating to spore formation by several aerobic mesophiles, no stimulatory effect was apparent with the NaCl concentrations used in the present experiments.
In consideration of the data presented in this paper and from a study of the literature the writer ventures to suggest that studies in spore formation are still in the descriptive stage and that all conclusions reached should be tagged with the qualifying phrase "with the organism or organisms studied." The formation of a spore by a bacterial cell no doubt involves or is preceded by a radical revision of cellular function and metabolism as compared to vegetative growth. That this process may be accelerated or inhibited by environmental influences is not surprising even though the ultimate outcome does not appear to be predictable. Since all cells do not react uniformly to a given environmental influence (in general the reaction obtained is an increase or decrease in the percentage of spores formed), it would seem that, in addition to environmental factors that influence metabolism or enzyme systems within the cell, there are "cellular factors" responsible for the reaction of the cell to a given environment. Therefore, spore formation under any given environmental condition is a function both of the environment and of these "cellular factors." Any stock culture used as a source of inoculum may be a mixture of varying proportions of cells containing cellular factors that, together with the given environmental conditions, will result in spore formation. Thus the absence of a 100 per cent reaction to a given environment would be explainable. If the immediate previous history of a culture (conditions of cultivation of the stock culture) could be shown to affect the degree of spore formation under given environmental conditions, the existence of such cellular factors would be strongly supported. Some evidence, as yet insufficient for publication, has been obtained in this direction.
If such is the case, it may be evident why studies in spore formation are considered to be in the descriptive stage and far from the point of even minor generalizations. It is further suggested that studies of the type reported here with data statistically controlled may be the most profitable line of attack upon the problem of when, why, and how some bacteria sometimes form spores.
SUMMARY AND CONCLUSIONS
Spore formation by a group of seven cultures of obligate thermophilic flat sour organisms has been studied in relation to the concentration of nutrients and the presence of salts. No generalizations upon the effect of any of the tested nutrient conditions can be made since, with the exception of the absence of effect of 0.05 M NaCl in nutrient agar, no other condition studied resulted in a uniform type of behavior.
From a study of these results and the literature it is suggested that "cellular factors" as well as environmental conditions exert an important influence in determining spore formation in a given environment.
